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(54) An electrosurgical generator and system 

(57) An electrosurgical system inctudvtg an elec- 
trode assembly having two electrodes for use immersed 
in an electrically conductive fluid has a generator with 
control circuitry lor rapidly reducing the delivered radio 
frequency output power by at least 50% within approx- 
imately 100|is. corresponding to the time needed for a 
few cycles of the peak radk> frequency output voltage to 
reach a pre determined threshokl IkniL In this way. tis- 
sue coagulation can be performed in, for example, sa- 
line without signifk:ant steam generatksn. 

The same peak voltage limitation technk)ue is used 



in a tissue vaporization or cutting mode to limit the size 
of the st^am pocket at the electrodes and to avoid elec- 
trode bum^g. 

The output power reductkxi is abtakied by 'on time 
control* (70) by producing a signal synchronous with the 
RF oscillator, thereby reducing progressetvely the 'con- 
ductkx) state* of the gate (60) whk:h connects the power 
supply with the oscillator. Switch mode power supply 
(66) can ItseH vary its output voltage as a f unctkxi of 
sigial (66) from the controller (72). the speed of varia- 
tksn however will be much sk>wer than the one produced 
by *ON* time control mechanism. 
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Description 

This invemion relates to an electrosurgical genera- 
tor for delivermg an electrosurgical cun'ent particularty 
but rK>t exdusiveV inlracavftary erxtoscoplc electro- 
surgery. The invention also relates to an electrosurgical 
system comprising the combration of a generator and 
an electrode assenrtf>ly. The term 'intracavitary* is used 
in thfe specification to denote electrosurgeiy in which 
living tissue ^ treated by least invasive surgical access 
to a body cavity. This may involve "underwater electro* 
surgery', a term derK>ttng that the surgery is perfomted 
using an electrosurgical instrument with a treatment 
electrode or electrodes immersed in fiquid at the oper- 
ation site. The invention has particular application tn the 
fields of urology, hysteroscopy and arthroscopy 

Intracavitary endoscopic electrosurgery is useful for 
treating tissue in artatomical or surgically created cavi- 
ties of the body which can be accessed by methods in- 
vohring mnimal trauma to the patient, be this through a 
natural body passage or one created aitfficiaRy The 
cavity is distertded to provide space for gaining access 
to the operation site to improve visualisation and to allow 
for manipulation of instruments. In low volume body cav- 
ities, particularly where it is desirable to distend the cav- 
ity under higher pressure, liquid rather than gas is more 
commonly used due to better optical characteristics and 
because it washes blood away from the operative site. 
Conventionally, a non-electrolyte solution such as gly- 
cine is used as the fluid distension medium when elec- 
trosurgery is being used, glycine being electrtcaSy non- 
conductive. 

The limited surgical access encountered during in^ 
tracavitary erKloscopic procedures makes the removal ., 
of tissue pieces derived from a typical electrosurgical 
loop cutting electrode both difficult and time consumrtg. 
V^4x>risation of tissue wherefciy the tissue is reduced to 
smoke and water vapour is a preferable technk|ue in 
these situatkxis, rather than the piecemeal removal of 
tissue. The products of vaporisation may be removed 
folkywing dissoiuttoh wilhin a tk^ukl irrigating medium. 

Wtth regard to undenwater endoscopk^ electrosur- 
gery, the applicants have found tfiat it is possible to.use 
a corvjuctive Iquld medium such as normal saline in 
place of glycine. Normal saline is the preferred disten- 
sion medium n underwater endoscopic surgery when 
electrosurgery is riot contemplated or a non-electrical 
tissue effect such as laser treatment Is being used. Al- 
though normal saline (0.9%wAr. ISOmmo^hasanelec- 
trfcal conductivity somewhat greater than that of most 
body tissue, it has the »lvantage that displacement by 
absorptkxi or extravasatnn from the operative site pro- 
duces little phys»k>gical effect and the so-called water 
intoxk:atbn effects erf glycine are avoktod. 

Effective electrosurgical trratment of tissue which 
is totally Invnersed in HqukJ at the applfcatkm site is dif- 
ficult to achieve because the heat gerwrated by the fk>w 
of electrical currents in bom the tissue being treated and 



surrourKGng conductive nquid tends to cause boiling of 
ttte nqukl The operating electrode is intermittently sur- 
ix>unded by water vapour rather than BqukI, with conse- 
quent large variations in the electrical impedance of the 
s k)ad presented to the generator supplying the electro- 
surgical power to the electrode. Whilst this variation is 
mitigated by use of a non-conductive fiquM, it cannot be 
efiminated entirely due to the release of body flukis at 
the operative site whch elevates the electrk:al conduct- 
10 ance of the liquki. Changes in tissue type also alter the 
k)ad inr^>edarK;e. These effects result in diffk:ulty in con- 
trolling the electrosurgical output to produce consistent 
effects on the tissue being treated. As a result, high pow- 
ers are commonly empk>yed to overcome this perform- 
is ancevariatkxi. 

According to a first aspect of this inventk)n, an elec- 
trosurgk^l generator for supplying radk> frequency pow- 
er to an electrcal tristrument comprises a radks frequen- 
cy output stage having at least a pair of electrosurgical 
20 output connectk)ns for the delivery of radk> frequency 
power to the instrument, a power supply coupled to the 
output stage for supplying power to the output stage, 
and control circuitry including sensing means for deriv- 
hg a sensing signal representative of the radk) f requen- 
2S cy peak output voltage devek)ped across the output 
connectk)ns. wherein the output stage comprises a res- 
onant output circuit coupled to the output connectkm 
and a switching devk:e coupled to the resonant output 
circuit, and wherein the control circuitry is operable to 
30 actuate the switchrig devk^e to reduce the delivered ra- 
dio f requerKry power. The switching devce is preferably 
connected between the resonant output circuit and one 
of a pair-of supply rails of the power supply means, and 
connected so as to switch current repeatedly through 
the resonant output circuit at Its resortant frequency. In 
order to cause a control overshoot, in terms of the de- 
gree to whch the delivered power is reduced when the 
output voltage reaches the predetermined threshold, 
the control circuitry is so arranged and coupled to the 
40 switching devKs that n is capable of reducing the "oil" 
time of the switchtng devbe during indivklual radk> fre- 
quency switching cycles suffkuently rapkily to cause a 
50% reductkyi in delivered output power within 100 |is 
of the predetermined threshoM having been reached. 
^ This altows surgery to be performed in a conductive fkikJ 
fiekJ. in partk^utar in a saline solutkxi. t^arge and rapkl 
changes in toad impedance can occur substoitially 
without causing unwanted e!ectrosurgk:al effects. For 
example, when it is desired to produce electiosurgk:al 
so desiccatton, any ncrease in impedarice due to vapori- 
satkxi of surrounding saline ki the regton of an electrode 
of the instrument whk:h might othenwise lead to unwant- 
ed arcing at the required power tovei for effective des- 
Iccatton can l>e larg^ prevented. When electrosurgical 
55 tissue cuttir^g or tissue vaporisatkan is required, output 
voltage Ikn^tkxi can be used to prevent electrode burn- 
ing and/or excessive tissue vaporisatkm. 
. The control circuitry may Include a control fine feed- 
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ing a first power reduction control signal to the radio Ire- able the radio frequency duty cycle of the power device 
quency output stage. The output stage, vifhich may be to be increased again, thereby allowang further high- 
a radio frequency power oscillator, typtcalty has as the speed power reductions if necessary, 
oscillating element a radio frequency power device, and The technique d directly controlfing the radto fre- 

in the preferred embodiment, the control circuitry is ar- s quency output stage can be performed by repeatedly 
ranged such that at least a 50% reduction in output pow- producing, firstly, a rapid reduction in the cycle-by-cycle 
er Is brought about in a period of less than 20ms after conduction period ol the power device from a peak level 
the output voltage reaches the predetemiined threshold to a trough level when the output threshold is reached, 
by reducing the period of conduction of the device during followed by, secondly, a progressive increase in the con- 
individual cycles of the radio frequency output signal, to duclion period until the conduction period again reaches 
Such alteration in the period of conduction is advanta- its peak level, the radk) frequency output voltage being 
geously achieved Mependently of any varfatfon in sup- monitored during the progressive increase. This rapid 
ply voltagetotheradiofrequencypO¥wrdevice. Inprac- reductkxi and progressive increase sequence may be 
tfce. the reductton in output power is broughtabout using repeated until the peak conductton period level can be 
a single control variable, i.e. the peak output voltage or is reached without the output voltage exceeding the output 
peak-to-peak output voltage, independently of supply threshoW due to the supply voltage from the switched 
voltage and independently ofthe delivered output power mode power supply having fallen sufTicienlly since it was 
which varies according to the toad impedance and the disabled. Re-enablffig of the supply circuit typically oc- 
supply voltage. Thus, triggering of a power recfcjction oc- curs after a delay, and conveniently at the end of the first 
curs at the same preset output voltage threshoW but at 20 switched mode switching cyde in whfch the output volt- 
dltferent output power and load impedance values, ac- age has not reached the threshoW for the whole ol the 
cording to circumstances. switching cycle. 

As an adjunct to direct conUol ol the radio frequency The output stage preferably includes an output res- 

output stage, the means for causing a reduction in out- onant circuit having a Q whk:h is suffrciently high to re- 
put power may include a further control line which is cou- move switching noise from the switching device or de- 
pted to the power supply means, the control circuitry be- vices ol the stage without unduly skewing the response 
ing arranged such that a second power reductksn signal to the output voltage reaching the predetennined 
is fed to the power supply means to effect a reductk>n threshokl. Typically, the Q is sufficient to achieve a crest 
in the average power supply voltage supplied to the out- factor betow 1 .5. the crest factor being the ratio of the 
put stage. Typk:ally. the rate of reduction of power due 30 peak and r.m.s. values ol the output voltage waveform, 
tokjweringofthepower supply voltageiscomparatively Other aspects of the inventfon include a generator 

stow, but the combinatton of two means ol control can for undenwater eleclrosurgery having an output Imped- 
produce a larger range of available output power levels. ance in the range of from 100 ohms to 250 ohms, and 
Thus, accordlngtoasecondaspectof theinventton, preferably between 130 and 190 ohms. Such a gener- 
there is provWed an elecUosurgical generator for sup- 3S ator has its radto frequency output stage operable to 
plying power to an electrosurgfcal instrument, the gen- 
erator oomprisirtg a radto frequency output stage includ- 
ing a radto frequency power device and having at least 
a pair of electrosurgtoal output connections for delivery 
of radto frequency power to the instmment. a power sup- 40 
ply coupled to the output stags, and control circuitry to- 
dudtng senstog means for deriving a serving signal rep- 
resentative of the toad impedance across the output 
connecttons. the control circuitry having a first output 
coupledtothepowerdevtcetoreducetheradtofrequen- ^ 
cy duty cycle thereof and a second output coupled to 
the power supply to effect a reduction in the average 
power supply voltage suppfied to the output stage, the 
said reducttons occurring in response to the sensing sig- 
nal reaching a predetermined threshoW value. so 

In the case of the power supply means being a 
switched nrtode power supply hav^ output snnoothing 
components, the supply circuit iroy be arranged such 
that the second power reductton control signal has the 
effect <rf disabling the supply circuit, e.g. by gating the ss 
pulsed output. Accord&igly. a hl^-speed control re- 
sponse is obtained wfth the supply voltage falling rela- 
tivety slowly after the initial step power reductton to en- 
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produce a CW (continuous wave) output, i.e. with a 
100% duty cycle or without on/off pulse width module- 
tton at a frequency tower than the r.f . oscQlation f requen> 
cy. In effect, the output stage may operate as an open 
loop stage with a power/load impedance characteristic 
having a peak (preferably a single peak) at about 150 
to 160 ohms and with the cunre decreasing conthuously 
with decreasing impedancebetowthe peak and increas- 

bg in^>edance above the peak. 

The mventton may also inckide an electrosurgtoal 
generator for supplynig radto frequency power to an 
electrosurgtcai instrunrtentfor operatton bi an electrically 
conductive fluid medium, the generator conyrising a ra- 
dto frequency output stage having a radto frequency 
power device and at least a pair of electrosurgtcai output 
connecttons for the delivery of r^to frequency power to 
electrodes, power supply means coupled to the output 
stage, and control circuitry cnduding sensing means for 
deriving a sensing signal representative of the radto fre- 
quency output voltage devetoped across the output con- 
necttons, and means responsive to the sensing signal 
for causing a reduction In delivered output power when 
the sensing signal is imJteative ol a predetermined out- 
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put voltage threshold having been reached, wherein the 
control circuitry is arranged such that the reduction in 
output power is effected by reducing the period of con- 
duction of the device durmg fftdividual cycles of radio 
frequency oscillation, preferably independently of the 
supply voltage to the device. 

According to artother aspect of the invention, an 
electrosurgical generator for supplying electrosurgical 
power to an electrosurgical Instrument comprises a ra- 
dio frequency output stage having at least a pair of elec- 
trosurgical output connections for the delivery of radio 
frequency power to the instrument, means coupled to 
the output stage for supplying power to the output stage, 
and control circuitry including sensing means for deriv- 
ing a sensing signal representative of the radio frequen- 
cy output voltage developed across the output connec- 
tior^s and means responsive to the serising signal for 
causing at least a 50% reduction m delivered output 
power when the sensing signal is indicative of a prede- 
termined output voltage threshold having been reached, 
the said reduction being effected within a period of 20^s 
or less. 

The iniventlon also includes an electrosurgical sys- 
tem including a generator for generating radio frequency 
power and an electrosurgtcal instmrnent having at least 
one electrode for use immersed in a conductive liquid, 
wherein the generator comprises an output stage m- 
eluding a radio frequency power device and at least a 
pair of output connections arranged to receive radio fre- 
quency power from the power device, one of the pair of 
connections being connected to the said electrode, and 
wherein the generator further comprises a control stage 
operable to reduce the conduction time of the power de- 
vice during individual radio frequer>cy cycles vi re- 
sponse to a sensing signal (preferably the peak output 
voltage) representative of the toad impedance present- 
ed to the generator across the output connections ex- 
ceeding a predetermined sensing signal threshold val- 
ue, whereby the radio frequency power defivered to the 
electrode structure is rapidly reduced when the coriduc- 
tive liquid is vaporised. The electrode stnicture may in- 
clude a distal treatment electrode and a liquid contact 
electrode spaced proximally from the distal electrode, 
both electrodes benig for use surrounded by the con- 
ductive liquid and each t>eing connected to a respective 
one of the pair of output connections the control stage 
being operable to reduce the reduction time of the power 
device when the conductive fiquid at the distal electrode 
is vaporised. The electrosurgical instmment may pro- 
vide an electrode stnicture having juxtaposed first and 
second electrodes for invnersion in the conductive liq- 
uid, the first and second electrodes respectively f ormmg 
a tissue contact electrode at an extreme distal end of 
the instrument and a return electrode proxtmaSy spaced 
f nam the tissue contact electrode. 

According to yet another aspect of the invention, 
there is provided an electrosurgical system operable in 
at least a tissue desiccation mode and a tissue cutting 



or vaporisation mode comprising a generator for gener- 
ating radio frequency power and an electrosurgical in- 
strument coupled to the generator, the hstrument hav- 
ing an electrode structure for operation irrvnersed in a 
s conductive liquid, wherein the generator includes a 
mode selection control and has power control circuitry 
tor automatically adjusting the radio frequency power 
suppled to the electrode structure to limft the peak gen- 
erator output voltage to a first value when the desicca- 

10 . tion fTxxie is selected and to at least one secorKi value 
when the cutting or vaporisatbn mode is selected, the 
second value or values being higher than the first value. 
The first and second values are advantageously in the 
ranges of from 150V to 200V. and from 250V to 600V 

IS respectively, these voltages being peak voltages. 

From a method aspect, the invention provktes a 
method of operating an electrosurgical system having 
at least a tissue deskx^atksn mode and a tissue cuttkig 
or vaporisation nnode, the system having a radk> fre- 

20 quency power generator coupled to an electrode as- 
sembly having an electrode for operatk>n in acorxiuctive 
liquid, wherein the method comprises: selectng one of 
the said modes; when the desiccatkxi mode is selected, 
automatically adjusting the radfo frequency power sup- 

2S plied to the electrode assembly to makitain the conduc- 
tive Iquid adjacent the electrode at its boil^g ponnt for 
tissue desiccatkxi without creating a vapour pocket sur- 
rounding the electrode; and when the cutting or vapori- 
satkxi mode is selected, automatk:ally adjusting the ra* 

30 dk> frequency power supplied to the electrode to main- 
tain a vapour pocket surrounding the electrode. In the 
cutting or vaporisatkxi nrxxfe the radb frequency power 
supply to the electrode may be automatcally limited to 
prevent electrode overheating or erosion. The radio fre- 

3s quency power supply to the electrode may be automat- 

' k:aily adjusted by limiting the output voltage topredeter* 
mined first and second voltage values, the first voltage 
vaKie being used In the deskx:atkxi mode and the sec- 
ond voltage value, whch is higher than the first voltage 

^ value, being used m the cutting or vaponsatkxi mode. 
The inventkxi also provkies a noethod of operating 
an electrosurgical system whk:h has a generator cou- 
pled to an electrode assembly having an electrode tor 
operatkx) in a conductive Hqud. wherein the method 

45 comprises applyngradk) frequency power to the elec- 
trode, monitorfo^ an electrfcal signal related to the toad 
impedance preseinted to the generator, arx) reducing the 
applied power when the sakJ signal reaches a predeter- 
mined threshokJ value associated with an increased 

so toad impedance, whereby only sufftotent radio frequen- 
cy power is applied to the electrode to maintaui the fiquki 
adjacent the electrode at its boiling point for tissue des- 
tocatton without craatlng a vapour pocket surrounding 
the electrode. 

ss The predetenmined threshoki is sdvantageousfy 
representative of peak output voltage at the generator 
output connecttons. 

The inventton further provkles an electiosurgtoal 
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geneiator for suppJying power to an elecuosur^cal In- 
strumsnt. the generator comprising a radio frequency 
output stage having a radb frequency switching device 
and a pair of electrosurgical output connections for de- 
livering power to the instrument, and control circuitry in- 
cludng sensing means for deriving and sensing signal 
representative of the radio frequency peak output volt- 
age developed across the output connections, wherein 
the control circuitry has an output coupled to the switch- 
ing device and is operable to reduce the duty cycle of 
the switching device in response to the peak output volt- 
age reaching a predetermined threshold value thereby 
to reduce the power delivered to the instrument Prefer- 
ably the control circuitry is operable to effect a control 
overshoot in that the output power is reduced by at tsast 
50% within 1 (MH^s of the threshokJ having been reached. 
The sensing signal is representative of peak output volt- 
age largely independently of the output wavef omt crest 
factor and the control circuitry cndudes no elements 
(such as averaging circuitry) in the feedback bop to the 
switching device which cause a signal de^y of greater 
than lOO^s. 

The invention will now be described by way of ex- 
ample with reference to the drawings in whbh:- 

Figure 1 is a diagram showing an electrosurgicat 
system in accordance with the inventun; 

Figure 2 Is a fragmentary view of a first electrode 
assembly tor tissue deskx:ation, shown in use and 
immersed in a conductive rtqukt 

Figure 3 is a k>ad characteristic graph iDustratng the 
varation in toad impedance produced by an elec- 
trode assembly such as that shown in Figure 2 when 
used en a conductive liquid, according to the deliv- 
ered output power; 

Figure 4 is a fragmentary view of a secorKi electrode 
assembhf for tissue vaporisation, shown in use im- 
mersed In a ik^i4 

Figure 5 is a block dagram of a generator in accord- 
ance with the Invention; 

Figure 6 is a bkick dagram <^ part of the control 
circuity of the generator of Figure 5; 

Figure 7 is a waveform diagram showing a typical 
RF output vollags vartalion pattern obtamed w^ 
the generator of Figures 5 to 7. the voltage being 
shown vary tng W8th time accorcfing to variations in 
k»d impedance and generator output stage supply 
voltage; 

Figure 8 is a circuit diagram cA part of the generator 
of Figures 5 and 6; 
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Figure 9 is a graph showing the variation of output 
power produced by the generator as a functton 
the toad impectence presented to it by the electrode 
assentbly. the output power variation being shown 
to two operatton modes d the generator; and 

Figure 10 Is a graph showing the variatton of output 
power for generator as a function of toad impedance 
after modifk»tton of the generator characteristics to 
response to output voltage senstog. 



Historically, undenwater electrosurgery has been 
the nnost dennandtng electrosurgical applicatton to terms 
of instalment engineermg. The reason for this is that the 

IS electrosurgtoal power requirement is very high, specifl- 
caUy because it is necessary to create arcs for cutttog 
and tissue disruptton in ctrcumstarx:es In whteh power 
is dissipated quickly by the surrounding Itquid Conse- 
quently, high currents are used to ensure vaporisation 

20 cif Bquid surrounding the electrode. Power levels up to 
^ watts are commonly used. ConventtonaBy, under- 
water electrosurgery is performed using a non-conduc- 
tive fluki or irrigant to elimtnate electrical conductton 
tosses. Glycine, which is coirvnonty used, has the dis- 

2S advantage that in the course of an operatton. veins nay 
become severed and irrigant may be infused toto the 
circutetton. This dbsorptton causes among other things 
a dikitton of senim socfium whk:h can lead to a oorKfitton 
kr>own as water intoxicatton. 

30 Accordingly^ the applicants propose use of a con- 
ductive iiquto medium such as rxxnal saline, electro- 
surgery betog performed with ustog a system compris- 
ing a generator arid an instrument, the tostrument hav- 
ing a duai-electrode stnicture with the saBne acting as 

3S a conductor between the tissue betog treated and one 
of the electrodes, heretoafter called the "return elec- 
trode". The other electrode is applied directly to the tis- 
sue. This other etectrode is hereinafter caltod the 'tet'ive 
etoctrode^ 

40 Such a system isshown to Figure 1. The generator 
lOhas an output socket lOS providtoga racEofrequency 
(RF) output for an tnstrumsnt tn the form of a fandptsce 
12 via a connectton cord 14. Act^atton of the generator 
nrwy be performed from the hartt^piece 12 vto a control 
46 connection to cord 14 or tiy means of a footswilch unit 
16, as shown, connected separately to the rear of the 
generator 10 by a footswitch connectton con! 18. In the 
illustrated embodiment, footswitch unit 16 has twofod- 
switches 16Aand 16B for selecttog a desiccatton mode 
so and a vaporisatton mods of the generator respectively 
The generator front panel has push buttons 20 and 22 
for respective^ setting desiccation arrd vaporisatton 
power levels, which are indicated to a disptoy 24. Push 
buttons 28 are provtoed as »i altonrmtive means for se- 
55 taction between desiccation and vaporiaatton modes. 

Handpiece 12 mounts a detachable etectrode as- 
sembly 28 having a dual electrode stmcture, as shown 
to the fragmentary view of Figure 2. 
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Figure 2 is an enlarged view ol the distal end of elec- 
trode assembly 28. At its extreme cfistal end the assem- 
bly has an active electrode 30 which, in this embodi- 
ment, is formed as a series of metal filaments connected 
to a central conductor 32. The filaments may be made 
of stainless steel Proximally of the active electrode 30 
and spaisedfrom the tatter by a longitudinally and radi- 
ally extending insulator 34 is a return electrode 36. The 
return electrode 36 Is arranged coaxiaily around the in- 
ner conductor 32 as a sleeve 38 which extends as a tu- 
bular shaft 40 to the proximal end of the assembly 26 
where it is connected in the handpiece 12 to conductors 
in the connection cord 1 4. Similarly^ the inner conductor 
32 extends to the handpiece and is connected to a con- 
ductor in cord 14. The electrode assembly 26 has an 
insulating sheath 42 which covers shaft 40 and termi- 
nates proximally of the insulator 34 to leave the distal 
end of shaft 40 exposed as the return electrode 36. 

In operation as a desiccation instrument, the elec- 
trode assembly 28 is applied as shown in Figure 2to the 
tissue 44 to be treated, the operation site being im- 
mersed in a normal salaie (0.9%w/v) solution, here 
shown as a drop 46 of liquid surrounding the distal end 
portion of the electrode assembly 28. The liquid immers- 
es both the active electrode 30 arid the return electrode 
36. 

Still referring again to Figure 2. the metaRic fila- 
ments forming the active electrode 30 are all electrically 
connected together arxJ to the inner conductor 32 of the 
electrode assembly to form a unitary active electrode. 
I nsulator 34 is an insulating sleeve, the distal end portion 
of which is exposed proximally of the exposed part of 
the active electrode 30. Typicaliy, this sleeve is made of 
a ceramic material to resist damage from arcing. The 
return electrode terminates at a point short of the end of 
the insulator 36 so that it is both radially and axtalty 
spaced from the active, or tissue contact, electrode 30. 
The surface area of the return electrode \s cor^siderably 
greater than that erf the active electrode 30. At the distal 
erxl of ttte electrode assembly, the diameter of the return 
electrode is typically in the region of from 1 mm to 3mm» 
with the longitudinal extent of the exposed part of the 
return electrode being typically between 1mm and 5mm 
with the longitudinal spacirtg from the active electrode 
being between 1mm and 5mm. 

In effect, the electrode assembly Is b^)oiar. with only 
one of the electrodes (30) actually extencffing to the distal 
end of the unit This means that the return electrode, in 
normal circumstarwes. remains spaced from the tissue 
k>e<ng ueated and a current path exists between the two 
electrodes via the tissue and the conductive liquid which 
is in contact with the return electrode 36. 

The corxluctive fiquid 46 may be regarded, as far 
as the defivery or bipolar electrosurgical energy is con- 
cerned, as a low impedance extension of the tissue. Ra- 
dio frequency currents produced by the generator 10 
flow between the active electrode 30 and the return elec- 
trode 36 via the tissue 44 and the mnmersing conductive 



liquid 46. The particular electrode arrangement shown 
in Figure 2 is most suitable for tissue desiccation. 

The axial as well as radial separation between tt>e 
electrodes avoids the small spacing the conventional 

s bipolar arrangement in which both electrodes are tissue- 
contacting. As a result, there is less danger of unwanted 
arcing across the insulation surface, which allows com- 
paratively high power dissipation for desiccation treat- 
ment, and. in the case of tissue cutting or veqx>ri5ation, 

10 prevents excessive arcing which can lead to interelec- 
trode hsulation damage. 

The immersing saline solution may be provided 
from a conduit (not shown) forming part of the instru- 
ment 12. Thus, the invention may take the form of an 

IS electrosurgical system for the treatment of tissue im- 
mersed in a conductive fluid medium. corTpnsir>g an 
electrosurgical instrument having a handpiece and an 
Instrument shaft, and. on the end of the shaft, an elec- 
trode assembly, the assembly compnsing a tissue oon- 

^ tact electrode which is exposed at the extreme distal end 
of the instrument and a return electrode which is elec- 
trically ir^ulated from the tissue contact electrode and 
has a fluid contact surface spaced proximally from the 
exposed part of the tissue contact electrode, the system 

2S further comprising a radio f requerK:y generator coupled 
to the electrode assembly of the instrument a reservoir 
of electrically conductive fluid, such as the normal sa\v\e 
solution, and a conduit, typically and integral part of an 
endoscope, for delivering the liquid from the resen^oir to 

30 the region of the electrode assembly. Pressure for de- 
livering the liquid may k>e provided by a pump forming 
part of the apparatus. 

Since in this embodiment of electrode assembly 28. 
the active electrode 30 is made of stainless steel fila- 

35 ments in the fonm of a brush, the electrode is flexible, 
providing a reproducft>le tissue effect which is compar- 
atively independent of the application angle of the elec- 
trode to the tissue surface. The ftexibtlfty of the electrode 
30 also results in a diffeirential contact area of the active 

40 electrode dependent on the applied pressure, allowing 
variations in the breadth of desiccation over the surtace 
of the tissue, reducing procedure time. 

Desiccation occurs by virtue of radio frequency cur- 
rents passing between the active electrode 30 and the 

<s conductive liquid 46 via the outer layer of the tissue 44 
mmediately beneath and in an area surroundirig the ac- 
tive electrode 30. The output impedance of the genera- 
tor is set at a level commensurate with the load imped- 
ance of the electrode assembly when used as shown n 

so Figure 2 wfth both electrodes fen contact with the con- 
ductive fiquid 46. In order to sustain this matched state 
for tissue desiccation, the output power of the generator 
is automatically controlled In a manner which wQl be de- 
scrft)ed below so that vapour bubbles of significant size 

55 are substantially prevented from appearing at the active 
electrode 30, ther^ avoiding a consequent increase 
in load impedance. In this way. the active electrode can 
be continually wetted by the conductive liquid so that. 
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whilst the tissue water is removed by thermal desicca- 
tion, the ffnpedance reaches an upper Hmil correspond- 
ing to the point at which the conductive liquid starts to 
boil. As a result, the system is able to deliver high power 
levels for desiccation without unwanted conductive liq- 
uid vaporisation leading to unwanted tissue effects. 

The electrical behaviour of the electrode assembly 
when the electrodes 30 and 36 are immersed in the con- 
ductive liquid 46 is now considered with reference to the 
graph of Figure 3. 

When power is first applied, there is presented to 
the generator an initiai load impedance r which is gov- 
erned by the geometry of the electrode and the electrical 
conductivity of the conductive liquid. The value of r 
changes when the active electrode touches the tissue. 
The hi^er the value of r. the greater is the propensity 
of the coTKjuctrve liquid to vaporise. As power is dissi- 
pated in the tissue and the conductive liquid, the con- 
ductive liquid increases in temperature. In the case ol 
normal saline, the temperature coefficient of conductiv- 
ity is positive and the corresponding impedance coeffi- 
cient is therefore negative so that the impedance kiitially 
falls. Thus, the cun/e In Figure 3 indicates a fall in load 
impedance as the delivered power is increased, the im- 
pedance falling through point A to a minimum at point 
B, at which point saline in immediate contact with the 
electrode reaches boiling point. Small vapour bubbles 
now form on the surface of the active electrode and the 
Impedance starts to rise as shown by the cun/e rising 
from point B to point C. Thus, once the boiling point has 
been reached, the arrangement displays a donranant 
positive power coefficient of impedance. 

As the vapour but>bles form, there is an increase in 
the power density at the remaining active electrode to 
saline interface (the exposed area of the active elec- 
trode not covered by vapour bubbles) which further 
stresses the interface, producing more vapour bubbles 
and thus even higher power density. This is a nmaway 
condition, with an equilibrium point only occurring once 
the electrod© is conrpletely enveloped In vapour. Thus, 
lor a given set of variables, there is a power threshold 
corresponding to po^t C at which this new equilibrium 
is reached. 

In the Dght of the foregoing, it will be appreciated 
thsA the region between points B and C in Figure 3 rep- 
resents the upper limit of desiccation power which can 
be achieved. 

Upon formation of an electrode-enveloprig vapour 
pocket, the impedance elevates to about 1 kO, as shown 
by point D in Figure 3, the actual impedance value de- 
pendbig on a number of system variables. The vapour 
is then sustained by discharges across the pocket be^ 
tween the active electrode and the vapour/saline inter- 
face. 

This state of affairs is illustrated by the diagram of 
Figure 4 which shows an alternative electrode assembly 
28A having a hemispherical or ban electrode 30A in 
place of the bnish electrode 30 of the embodiment of 



Figure 2. As before, the return electrode 36A is proxi- 
maily spaced from the active electrode 30A by an riter- 
ventng insulator 34A. Tbe ball electrode is preferred for 
tissue vaporisation. 

5 Once in the vaporisation equilibrium state, the va- 
pour pocket, shown by the reference 50 in Figure 4. is 
sustained by discharges 52 across the vapour pocket 
between the active electrode 30 A and the vapour to sa- 
line interface. The majority of power dissipation occurs 

10 within this pocket with consequent heating of the active 
electrode. The anrwunt of energy dissipation w this con- 
ductkxn is a function of the delivered power. It will be 
noted from Figure 3 that the vaporisatkm mode, indicat- 
ed by the dotted boundary tines, can be sustained at 

IS much k>wer power levels than are required to bring 
about ioma\kyn of the vapour pocket. The impedance/ 
power characterlstk: consequently displays hysteresis. 
Once the vaporisatk>n mode has been established, it 
can be maintained over a comparatively wide range of 

20 power levels, as shown by the inclined part of the char- 
acterlstk: extending on both skies of point O. However. 
'ffu:reasing the delivered output power beyond that rep- 
resented by point 0 causes a rapkj rise in electrode tem- 
perature, potentially damaging the electrode. To col- 

2S lapse the vapour pocket and to return to deskx:atk)n 
mode requires a signifteant power reductksn back to 
point A. direct contact between the active electrode and 
the saline being reestablished and the impedance falling 
dran>atbally. The power density at the active electrode 

30 also falls so that the temperature of the saline now falls 
bek>w boiling point and the electrode is then once again 
in a stable deskx:atk)n equilibrium. 

The generator to be described hereinafter has the 
abHity to sustain both the deskxatkm mode and the va- 

35 porisatkMi mode. WhBst in general the electrode assem- 
blies illustrated in Figures 2 and 4 can be used In either 
mode, the brush electrode of Figure 2 is preferred for 
destocatkm due to its wide potential area of coverage, 
and the ball electrode of Figure 4 is preferred for vapor- 

^ isation due to its small active electrode/return electrode 
surface area ratio. As can be seen from Figure 4. tissue 
vaporisaUon occurs when the vapour pocket 50 inter- 
sects the tissue surface, with the electrode assembly 
prefer^ly being heU spaced above the tissue suriace 

4S by a small distance (typtcatly 1 mm to 5mm). 

The runaway condition whk:h occurs when the de- 
livered power reaches the level shown by point C In Fig- 
ure 3 is exacerbated if the generator has a signifk:ant 
output impedance, because the output voltage can then 
so suddenly rise. With increased power dissipation and 
without the presertce of the coolffig lk)Uid around the ac- 
tive electiode 30, the electrode temperature rises rap- 
kfly with consequent damage to the electrode. This also 
produces imcontrollable tissue disniption in place of the 
ss required desiccation. For this reason, the preferred gen- 
erator has an output source impedance which, approx- 
imately at least matches the toad tmpedartce of the elec- 
. trode structure when wetted. 
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The preferred generator now to be described allows 
both desiccation electrosurgery sut>stantially without 
unwanted cefl disruption, and electrosurgical cutting or 
vaporisation sut>stantially without electrode burning. Al- 
though intended primanly for operation in a conductive 
liquid dister^sion rr^um, it has application in other etec- 
trosurgk:al procedures, e.g. in the presence of a gase- 
ous distension medium, or wherever rapid load hiped- 
ance changes can occur. 

Referring to Figure 5» the generator comprises a ra- 
dio frequef^y (RF) power oscillator 60 having a pair of 
output connections 60C for coupling via output tenmlnals 
62 to the load impedance 64 represented by the elec- 
trode assembly when in use. Power is supplied to the 
oscillator 60 by a switched mode power supply 66. 

In the preferred embodiment* the RF oscillator 60 
operates at about 400 kHz, with any frequency from 300 
kHz upwards into the HF range being feasible. The 
switched mode power supply typically operates at a fre- 
quency in the range of from 25 to 50 kHz. Coupled 
across the output connectk)ns 60C is a voltage thresh- 
oW detector 68 having a first output 68A coupled to the 
switched mode power supply 16 and a second output 
68B coupled to an "on" time control circuit 70. A micro- 
processor controller 72 coupled to the operator controls 
and display (shown In Figure 1 ). is connected to a con- 
trol input 66A of the power supply 66 for adjustirig the 
generator output power by supply voltage variatkxi and 
to a threshold-set mput 68C of the voltage threshokl de- 
tector 68 for setting peak RF output voltage timrts. 

In operatkxi. the mk:roprocessor controller 72 caus-. 
es power to be applied to the switched mode power sup- 
ply 66 when electrosurgical power is demanded by the 
surgeon operating an activation switch arrangement 
whch may be provkled on a handpiece or lootswitch 
(see Figure 1). A constant output voltage threshoM is 
set independently of the supply yottage via input 68C 
according to control settings on the front panel of the 
generator (see Rgure 1 ). Typk:ally. for destccatkxi or co- 
agulation the threshoki is set at a desiccation threshokl 
value between 150 votts and 200 volts. When a cutting 
or vapofisatkxi output is required, the threshokl is set to 
a value in the range of from 250 or 300 volts to 600 volts. 
These voltage values are peak values. Their being peak 
values means that for desiccatnn at least it is preferable 
to have an output RF waveform of ksw crest factor to 
give maximum power before the voltage is clamped at 
the values given. Typically a crest factor of 1.5 or less 
is achieved. 

When the generator is first activated, the status of 
the comiol input 601 of the RF oscillator 60 (which is con- 
nected to the 'on' time control circuit 70) is "on*, such 
that the power switching devk» whk:h forms the oscil- 
lating element of the oscillator 60 is swftched on for a 
maximum oorxfuction perkxl during each osciflatksn cy- 
cle. The power deSvered to the load 64 depends partly 
on the supply voltage applied to the RF oscillator 60 from 
the switched mode power' supply 66 and partly on the 



bad impedance 64. If the supply voltage is sufficiently 
high, the temperature of the tqukt mecfium surrounding 
the electrodes of the electrosurgtoal instrument (or with- 
in a gaseous n^um, the temperature of Ik^ukte con- 

5 tained within the tissue) may rise to such an extent that 
the Ik^ukl medium vaporises, leading to a rapid increase 
B\ bad impedance and a corisequent rapd inaease in 
the applied output voltage across terminals 1 2. This is 
an undesirable state of affairs if a desiccatbn output is 

10 required. For this reason, the voltage threshold for a 
desk;catton output is set to cause trigger signals to be 
sent to the "on* time control circuit 70 and to the 
switched mode power supply 66 when the threshoM is 
reached. The 'on* time conuol circuit 70 has the effect 

IS of virtually instantaneously reducing the *on* time of the 
RF oscillator switching device. Simultaneously, the 
switched mode power supply is disabled so that the volt- 
age supplied to oscillator 60 begins to fall. 

Subsequent control of the 'on* time of indivkiual cy- 

^ cles of the oscillator 60 wiU be understood by conskler- 
ing the internal configuration of the *on* time control cir- 
cuit 70 which is shown in Figure 6. The circuit conDprises 
an RF sawtooth generator 74 (syrK^hronised at the RF 
oscillation frequency by a synchronisation signal de- 

^ rived from the oscillator and applied to a synchronisatbn 
viput 741), and a ramp generator 76 which is reset by a 
reset pulse from the output 68B of the voltage threshoki 
detector 68 (see Figure 5) produced when the . set 
threshoki voltage is reached; This reset pulse Is the trig- 

30 gersignalreferredtoabove. The 'on' larte control circuit 
70 further comprises a comparator 78 for compartf)g the 
sawtooth and ramp voltages produced by the sawtooth 
and ramp generators 74 and 76 to yieki a square wave 
control signal for applteatbn to the input 601 of the RF 

^ oscillator 60. As shown by the waveform diagrams n 
Rgure 6. the nature of the sawtooth arxi ramp wave- 
forms is such that the mark-to-space ratb of the square 
wave signal applied to the oscillator 60 progressively in- 
creases after each reset pulse. As a result, alter a vir- 

^ tuaRy mstamaneousreductbnln'on'timeondetectbn 
of the output voltage reaching the set voltage threshoki. 
the "on* time of the RF oscillator is progressively m- 
creased back to the original maximum value. This cycle 
is repeated until the supply voltage tor the oscillator from 

^ power supply 66 (Figure 5) has reduced to a level at 
whbh the oscillator can operate with the maximum con- 
duction period without the output voltage breaching the 
set voltage ttireshoki as sensed by the detector 68. 
The output voltage of the generator is important to 

so the mode of operatbn. In fact, the output nxxies are de- 
fined purely by output voltage, specifbally the peak out- 
put voltage. The absolute measure of output voltage is 
only necessary for mutt^ term control. However, a 
simple single term control (i.e. using one control varia^ 

ss ble) can be used in this generator in order to confine the 
output voltage to predetermined limit voltages. Thus, the 
voltage thresfwki detector 68 shown in Figure 5 com- 
pares the RF peak output voltage with a preset DC 
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threshold level, and has a sufficiently fast response time 
to produce a reset pulse for the 'on** time control circuit 
70 within one RF half cycle. 

Before constdertng the operation of the generator 
further, it is appropriate to refer t>ack to the impedance/ 
power characteristic of Figure 3. It will be appreciated 
that the most critical control threshold is that applicable 
during desiccation. Since vapour bubbles forming at the 
active electrode are iKsn-conducting. the saline remain- 
ing in contact with the electrode has a higher power (ten- 
sity and consequently an even greater propensity to 
form vapour. This degree of instability brings about a 
transition to a vaporisation mode with the same power 
level due to the runaway increase in power density at 
the active electrode. As a result, the impedance local to 
the active electrode rises. Maximum at)Sorl>ed power 
coincides with the electrode condition existing immedi- 
ately before formation of vapour bubbles. sirKS this co- 
incides with maximum power distribution and the great- 
est wetted electrode area. It is therefore desirable that 
the electrode remains in its wened slate for the maxi- 
mum desiccation power. Use of voltage Iknit detection 
brings about a power reduction which allows the vapour 
bubbles to collapse which in turn increases the ability of 
the active electrode to at>sorb power. For this reason, 
the generator descrfeed m this specification includes a 
control loop having a large overshoot, in that the feed- 
back stimulus of the peak voltage reaching the prede- 
fined threshoki causes a terge instantaneous reductksn 
in power by causing a reduction in peak output voltage 
to a level significantly bek>w the peak output voltage lev- 
el set by the threshoki detector 68. This control over- 
shoot ensures a return to the required wetted state. 

In the generator descrit>ed above with reference to 
Figures 5 and 6, power reduction in response to voltage 
threshold detection takes place in two ways:- 

(a) an instantaneous reductfon in RF energy sup- 
plied to the resonant output circuit of the oscillator, 
and 

(b) a shut down of DC power to the oscillator for one 
or more complete cycles of the switched mode pow- 
er supply (i.e. typically for a minimum period of 20 
to 40 

In the preferred embotfiment the Instantaneous 
power reduction is t>y at least three quarters of available 
power (or at least half voltage) from the DC power sup- 
ply, but continuous voltage threshoki feedback continu- 
ally causes a reduction tn delivered power from the DC 
power supply. Thus, a hig}) speed response is obtained 
tfi the RF stage itself, with the DC supply voltage track- 
big the reduction to enable the RF stage to retum to a 
full duty cycle or mark-to-space ratio, thereby enabling 
further raped power reductk)ns when the voltage thresh- 
old is again breached. 

The effect of this process on the RF output voltage 



is shown tn the waveform diagram of Figure 7. contain- 
ing traces representative of the output voltage, the os- 
cillator supply voltage, and the bad impedarv^e durvig 
a typical desiccatkm episode over a Ims period. Starting 
s on the lefthand skle of the diagram wHh the supply volt- 
age approximately constant, the output voltage irtcreas- 
es with mcreasing toad impedance to a point at which 
the output voltage threshold is reached, whereupon the 
aftx3ve-described instantaneous reduction in oscillator 
10 "on° time occurs. This produces a rapid decrease m the 
RF output voltage, as shown, foltowed by a progressive 
increase, again as described above. When the output 
voltage reaches the threshoki voltage, the voltage 
threshoki detector 68 (shown in Figure 5) aiso disables 
ts the power supply, leading to a gradual decrease in the 
supply voltage. As a result, when the 'on' time of the 
oscillator device has once again reached its maximum 
value, illustrated by point a in Figure 7. the threshold 
voltage has r\o\ been reached. However, the toad im- 
20 pedance begins rishg again, causing a further, aft>eit 
stower, increase in the output voltage until, once again, 
the threshoM voltage is reached (point b). Once more, 
the 'on' time of the oscillator is instantly reduced and 
then progressively increased, so that the output voltage 
2S waveform repeats its prevtous pattern. Yet again, the 
threshoki voltage is reached, agaoi the output voltage 
is Instantly reduced (at point c). and again the "on" time 
is alfowed to increase. On this occaston, however, due 
to the supply voltage having further reduced (the power 
. 30 supply still being disabled), the output voltage does not 
reach the thre^otd level (at point d) until a consklerabty 
tonger time period has elapsed. Indeed, the length of 
the period is such that the output voltage has failed to 
reach the threshold voltage over a complete switching 
3S cycle of the power supply, so that it has in the meantime 
been enabled (at point e). 

During this period the power supplied to the elec- 
trode has been sufftoient to further increase the load im- 
pedance. The erratic impedance behaviour is typical of 
40 thecommencementofvapourfoimatton. Consequently, 
when the threshold voltage is next reached (at point e), 
several successive cycles of 'on' tone reduclton and in- 
crease occurrffig one after the other are required (see 
0 combined with a further disabling (see g) of the power 
45 supply in order to maintain the voltage below the thresh- 
oki. 

It will be seen. then, that the control circuitry 70. 72 
(Figure 5) operates dynamtoalty to control the output 
voltage both sufficiently rapidly and to a sufficient de- 

50 gree to maintain the voltage at a level consistent whh. 
in this case, the level required for deskx»tion without 
tissue disruptton due to arcing. The same technique can 
be used with a different threshold voRage to limit the out- 
put voltage to prevent electrode burning and/or exces- 

ss sive tissue vaporisatton. In the taller case. Ihe voltage 
limit may be set to a level between 250 voNs (preferably 
300 volts) artd GOO volts. 

Due to the high power density at the active elsc- 
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trode during the vaporisation mode, the great majority 
of detivered power is diss^ted in the proximity off the 
electrode. In the vaporisation mode, it is desirable that 
a minimum of saline heating cxxurs. but that any tissue 
which encroaches the vapour boundary of the active 
electrode is vaporised. In the vaporisation mode, the va- 
pour is sustained by arcs within the vapour pocket as 
described above with reference to Figure 4. Increasing 
the output voltage during vaporisation results h in- 
creased volume of tissue removal due to the increased 
size of the vapour pocliet. Collapse of the vapour pocket 
during tissue vaporisation has greater consequence, 
due to the increased necrosis as a result of the greater 
power dissipatnn in the surrounding saline. Vapour 
pocket collapse can be prevented by. firstly, arranging 
for the electrode impedance in vaporisation mode to be 
such that the tr^strument is in an unmatched condition 
as regards impedance, with result that the resonant out* 
put circuit Q is high and the output voltage does not 
change so rapidly as with bwer k>ad innpedarx:es and. 
secondly, the active electrode has a signmcant heat ca- 
pacity that sustains the vapour pocket for a significant 
period. 

An unwanted oncreased in the size of the. vapour 
pocket can be prevented by limiting the peak output volt- . 
age duriiig the vaporisatnn mode, whk:h may be con- 
veniently carried but by substituting a different threshoW 
value for* the voltage threshokj detector 68 (see Figure 
5) when tn the vaporisation mode. 

The circuitry of the RF oscillator 60, voltage thresh- 
oW detector 68, and "on" tbne control circuit 70 (shown 
in Figure 5) in the preferred generator in accordance 
with the inventkx) is shown in Figure 8. 

Referrrg now to Figure 8. the RF oscillator com- 
prises a IGBT (insulated gate bipolar transistor) 80 act- 
ing as an RF switching device whfch pumps energy into 
a paraQel resonant circuit comprising the prirnary wind- 
ing 82P of transformer 82 and a parallel-connected res* 
dnating capacitor 84. RF power is supplied from the 
transformer secondary winding 82S via isolating capac- 
itors 86. 88 to RF output terminals 62. Power for the os- 
cillator transistor 80 is supplied on a hi^ voltage supply 
line 90 which is connected to the output of the switched 
mode power supply 66 (shown in Figure 5). Supply One 
90 is decoupled by capacitor 92. 

The oscillator feedback k)op rims from the resonant 
primary winding 82P (on the opposite skie of the winding 
from the supply line 90) via a phase shift network com- 
prising capacitor 94. resistor 96, and damprng dkxtes 
98, 100. and via a field effect transistor (FET) 104, the 
voltage controlled monostabie represented by compa- 
rator 78 and associated components, and the driver 
108. whk:h is connected to the gate of transistor 80. 

The voltage on that skto of the primary winding 82P 
whch is coupled to transistor 80 is substantiatly sinusoi- 
dal and alternates at a frequency defined by the parallel 
resonant combinatk)n of the wvKfng inductarx» and ca- 
pacitor 84. Typk:ally the voltage swing is greater than 



twice the supply voltage on supply line 90. falling below 
ground voltage in negative half-cycles. 

The phase-shift networt( 94. 96. 98. 100 provkies a 
positive-going square wave whkrfi is 90* phase-ad- 

5 vanced with respect to the primary voltage. Thus, FET 
104 is tumed on approximately when the voltage on pri- 
mary winding 82P has just reached its minimum value, 
arKf when it has just reached its maxsnum value. 
When FET 104 is tumed on a timing capacitor is rapidly 

10 discharged and the output of comparator 78 s tumed 
off. The driver 108 is non-inverting and consequently 
transistor 80 is also tumed at this point. It folbws that 
the transistor *off ' point Is repiBatabte and has a constant 
phase relatkmh'ip with respect to the primary voltage 
by virtue of the feedback path descrtoed above. The tog- 
k: ot the leec&ack path is also such that the feedback 
signal fed to the gate connection of transistor 80 has a 
togic level of '1 * when the primary voltage is decreasing 
(and the potential difference across the primary winding 

20 82P is tfvcreasing). The 'off' point occurs substantially 
at a prvnary voltage peak. i.e. when the primary voltage 
is at its minimum value in the present case. 

Unlike the "off point, the "on" point of transistor 80 
is variable as will now be described. The instantat whch 

2S the k>gic level at the output of comparator 78 and on the 
base of devee 80 changes to *1 * depends on the refer- 
ence voltage applied to the invertrig input 781 of com- 
parator 78. As a result, the delay between device 80 
switching off and switching on is determ'ned by this 

30. comparison of voltage applied to input 781 of comparator 
78. In other words, an 'on" signal to devkse 80 is delayed 
with respect to switching off by a period which is in ac- 
cordance with the reference voltage on the rivertHig in- 
put. This reference voltage is dependent on the voltage 

<35 appearing across resistor 112 which is part of a potential 
divkter consisting also of resistor 114 arKj potentk)meter 
116. Potentkmieter 116 sets the minimum switching on 
delay, corresponding to the maximum duty cycle of tran- 
sistor 80. The voltage appearing across resistor 112 is 

^ variable and represents the control range of 'on' time 
a<^stment behveen 25% of the maximum duty cycle 
and 100%. Timing capacitor 11 0 is charged by variable 
resistor 118 (preset for an appropriate time constant) 
from a towvoltage supply line 120. 

^ Compar^g Figure 6 with Figure 6, it wOl be appre- 
ciated that the voltage on the non-inverting input 78N of 
comparator 78 has a sawtooth waveform as shown in 
Figure 6. the waveform bemg produced by the repeated 
triggering of FET 1 04 and discharging of capacitor 110. 

so each discharging beirtg f oltowed by charging of a capac- 
itor through resistor 118: 

The voltage across res istor 1 1 2 is normally at a min- 
flmum value, and is increased when the RF output volt- 
age from the generator reaches a predetermined peak 

ss threshoU value. The circuitiy which brings about this ef- 
fect will nowbe descri>ed. 

Output voltage detection is provkled by a peak volt- 
age detector coupled across the output temmats of the 
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generator. The detector includes a capacitive divider 
chain 122, 124 connected across the RF output, the tap 
between the capacitors feeding the primary winding of 
an isolating transformer 126. Resistors 128 and 130 
connected across the primary and secondary wWings 
of transformer 126 respectively provide damping to 
avoid unwanted resonarKes and to fitter high frequency 
components which may occur during arcing at the active 
electrode. The resulting sensing voltage appearing at 
the secondary winding of transformer 126 is then fed to 
two comparators 1 32 and 1 34. At this point, it should be 
appreciated that only the sense vottage half cycles of 
one.polarity (in this case the positive-going half cycles) 
are used for peak output voltage threshold detection. 

Each comparator 1 32, 1 34 has two inputs, one con- 
nected to the transformer 1 26 to receive the sense volt- 
age, and one connected to a respective reference volt- 
age input 136, 138 (labelled CLAMP and BOOST in Fig- 
ure 8). Reference voltages applied to these inputs 138, 
138 are computer generated set voltage thresholds for 
the desiccate and vaporisation modes respecth/ely Se- 
lection of the operating mode is brought about by a con- 
trol signal (DES/VAP) applied to control input 140, and 
the logic chain comprising gates 142. 144, 146, and 148. 
Desiccation mode is set by logic level °1 " at input 140. 
In vaporisation mode, logic level t)" on this input effec- 
tively disables the output of comparator 132 via NOR 
gate 144. the output threshold detection then being fed 
through NOR gate 146. It will therefore be appreciated 
that the CLAMP voltage applied to input 1 36 is the ref- 
erence voltage setting the thresix>ld value for the peak 
output voltage during destecation. while the BOOST 
voltage applied to input 1 38 sets the threshoM value of 
the peak output vottage in the vaporisation mode. 

When the output voltage reaches the set threshold 
value (i.e. a "limit" voltage), transistor 150 is switched 
on. This transistor is capable of charging capacitor 152 
from l.5Vto4Vin a period of 50ns. The base charge of 
transistor 150 is sufficient to enlarge very narrow pulses 
from the voltage detection circuitry and therefore en- 
sures that capacitor 1 52 attains maximum voltage for 
only marginly detected limit voyages at the RF output 
Since the control signal applied to the base of transistor 
150 is not averaged over a plurality of cycles, the tran- 
sistor switches on and off during every cycle of oscHla- 
tksn of the radk) frequency oscHtalor occurring when the 
peak output voltage thresfiokJ is exceeded. Conse- 
quently, the output voltage is monitored ar>d controlled 
on a cyde-by-cycle basis. The function of capacitor 152 
is to provkie progressively k>wer reference voitages for 
comparator 78 after a Icmit vottage detection. Thus, the 
voltage on the emitter of transistor 1 50 has a waveform 
as shown at the output of the ramp generator 76 In Fig- 
ure 6. In this way. the tum-on instant of device 80 is in- 
stantly retarded when the RF output vottage reacfies the 
preset threshold value, and is subsequently progres- 
sivety advanced as the voltage across resistor 1 1 2 stow- 
ly decreases. The discharge rate of capacitor 1 52 is de- 



term^ed by the parallel combtnatk^n of resistor 112 in 
parallel with resistor 114 phis resistor 116. 

Switching energy provMed by transistor 80 is con- 
verted by a series inductor 1 54P into a current drive into 
5 the resonant primary winding 82P. The actkx) of series 
inductor 154P smoothes energy iniectk>n into the reso- 
nant output circuit represented by winding 82P and ca- 
pacitor 84 and prevents excessive initial current through 
transistor 80, artd excessive swinging of the voltage in- 
10 put to winding 82P above the voltage on supply line 90. 
Under fun power conditions, the initial switch-on of 
transistor 80 occurs at an initial resonant vottage maxi- 
mum across the resonant circuit. This creates a switch- 
on current zero as the inductor 154P is completely de- 
is pieted of energy after each cycle. Current in this inductor 
rapkfly bulkis up until a point is reached at whk:h the 
voltage on winding 62P becomes negative. The inductor 
154P then releases its energy into this reverse bias. The 
current zero at switch-off is then guaranteed by a block- 
20 ing diode 1 56 whk:h prevents the retum of energy from 
the resonant circuit to the inductor 154P. 

When the switch-on time of transistor 80 is reduced 
due to the output vottage reaching the predetermined 
set threshoW, the primary voltage amplitude across 
2S winding 82P decreases to the extent that the primary 
peak amplitude is less than the supply voltage. In par- 
ticular, the voltage minimum at the end of primary wind- 
ing 82P coupled to transistor 80 no k>nger swings be- 
. yond the ground voltage. Energy can now no tonger be 
30 released from inductor 1 54P back into the resonant cir- 
cuit. A secondary path for stored energy ri inductor 
154P is provkJed by the fact that this inductor is the pri- 
mary wMing of a transfomter 154 which has a seoorxJ 
winding 1 54S coupled via a diode 1 58 to the supply line 
3S 90. Residual energy stored in inductor 154P at switch- 
off causes forward biasing of dkxJe 158 through whbh 
the energy is recovered back into the supply. This re- 
covery mechanism permits partial resonant primary am- 
plitude levels without damaging swftchnig transistor 80 
40 by uncoupled energy creating excessive voltage. 

The rebtionsh^ between "on" tkne of trar^sistor 80 
and switching energy deperute on a number of var^bles 
such as the initial energy storage of the resonant circuit 
82P, 84, the badtng on the output temninals 62 (which 
45 affects the Q of the resonant circuit), and the loadtng as 
it affects osciDatkm frequency, which all affect the non- 
linear energy storing rate of Muctor 154P. 

As has t>een described above, detectk)n of the out- 
put voltage reaching a predetermined threshokf vahje 
so not only causes the duty cycle of the switching transistor 
80 to be instantly reduced, but it also disables the 
switched nrwde power supply 66 (shown in Figure 5). 
This disabling effect is produced by feeding a signal 
from the output of the togk: chain 1 42 to 1 48 via a filter 
55 1 60 to remove RF transients to a DISABLE output 68A. 
whk:h is connected to the switched mode power supply 
66. 

The generator output impedarK:e is set to about 160 
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ohms. The effect of this choice wiD be evident from the 
following description with reference to Figures 9 and 10 
which are graphs showirig the variation of output power 
which can be produced by the generator into different 
load impedances. 

Referring to Figure 9, the power delivered to the 
load Is here shown as a function of load impedarKo for 
two different oscillator supply voltage settings. In both 
cases, it will be seen that, to the left of the power/imped- 
ance peak, an increase in load impedance leads to an 
trwrease in output power and, hence* an increase in out- 
put voltage. At higher impedances, to the ri^t of the 
peaks, the voltage continues to increase. aft>eit less ag- 
gressivetXr as impedance increases. 

One of the features of the preferred generator in ac- 
cordance with the invention is that the output stage op- 
erates as an open loop oscillator with an output imped- 
ance (corresponding to the peaks in Figure 9) of about 
160 ohms. This is cor>siderabty lower than the output 
impedance of conventional generators used for under- 
water electrosurgery, and contributes to the ability to 
prevent ninaway arcirtg behaviour and consequent ex- 
cessive tissue damage and electrode bum-out 

It should be i^derstood that for desiccation, steam 
envelope generation at the electrode and arcir^g ^loutd 
be prevented. Conversely, for cutting or vaporisation, 
steam envelope generation and arcing are required, but 
to a level consistent with achieving the required tissue 
effect and the avoidance of electrode bum-out Operat- 
ing points for lowandhigh power desiccation and cutting 
or vaporisation are shown in Figure 9. 

A feature of the combination of the generator in ac- 
cordance with the invention ar)d an electrode assembly 
having two adjacent electrodes is that the output Is vir- 
tually bistable. When operating in desiccation mode, the 
entire ejectrode surface is in contact with an electrically 
conductive medium and therefore the toad impedance 
is comparatively low, consequently inhibiting the rise in 
output voltage to a level sufficient for arcing. Conversely, 
when in cutting or tissue vaporisation mode, the entire 
active electrode surface is covered with a layer of va- 
pour which is of much higher impedance, and the vapour 
pocket is sustained by arcing within it so ttiat riearty all 
of the power dtsstpatk)n occurs withbi the vapour enve- 
lope. In order to traverse from a desiccation mode to the 
cutting mode, a high power burst is required, herx:e the 
positk)nffig of ttie power/load curve peak between the 
desiccatkxi and cutting operation points on the curve. 
By alkiwing the output power to increase with imped- 
ance ffi this way. a high power burst sufficient energy 
to create arcing is achieved despite the k>w impedance 
presented by the electrodes. As the supply voltage to 
the oscillator is iricreased, it has a greater propensity to 
flip into the cut nniode. whilst at kiwer supply vottage lev- 
els, the bistable nature of the output, although more pro- 
rvxmced. tends towards the de8iocatk)n state. 

Tl>e.bi8tafole properties arise not only from the elec- 
trode btipedance behaviour, but also from the shape of 



the power/load impedance cun^e. The flatter the k)ad 
curve, the more constant the output power across a 
band (A impedarK:es and the less pronounced the effect 
Referring to Figure 9, it wifl be appreciated that in 

s the cut or tissue vaporisattdh mode, a power equilibrium 
point is achieved by virtue d the decreasDig output pow- 
er as impedarKe increases. In the desiccatk)n nrKXte, the 
equilibrium is less stiaig^tfe>nNard, because there are 
two impedance change mechanisms. The first mecha- 

10 nism is the heating of the conductive medium and/or tis- 
sue which, due its positive coefficient of conductivity, re- 
sults in a falling impedance inrtialty. so that when power 
is first applied, the operating point nrxTves towards the 
leftharKf skje of the diagram in Figure 9. Consequently, 

IS there is a welMefined equilibrium point defined by the 
reductkxi in impedance with increasing power supply 
voltage, and the consequent reduction in delivered out- 
put power. However, when the saline medium or tissue 
fluids in contact with the active electrode start to boil, 

20 small water vapour bubbles begin, to form which In- 
crease the impedance. When the generator is about to 
flip into the cutting mode, mnpedance rise due to steam 
formation is dominant The impedance change there- 
fore becomes positive with increasing supply voltage, 

2S and the operating point nrxTves towards the rightfiand 
skJe of the diagram, which albws greater Input power 
as a result of the shape of the load cun^e, causing a 
rapid change to cutting or vaporisation mode. As steam 
formation continues to increase, the increasing tmped- 

30 ance causes a f atloff in delivered output power. 

The applicants have found that the Inherent equi- 
libria described above may be insufficient to maintairi a 
stable coagulatk>n state or a stat>le cutting state. It is for 
this reason, that the RF output vottage from the RF os- 

35 cHlator 60 (Figure 5) is limited, the limiting occurring ex- 
tremely rapidly, typically with a response tin>e of 20^s 
or less. Excessive radio frequerx^ interferer^ce is avoki- 
ed by linear variation of the oscillator switchirig devce 
'on* time \n response to a f eectt)ack signal from the volt- 

^ age threshoM detector. This technkfue is used in con- 
junction with the RF osciBator having a comparatively 
low output Q when matched to the k)ad. this O being 
sufficient to suppress switching noise without iiKHdi- 
nately dancing the response tooutput vottage threshoM 

^ detectkxi. 

By way of example, the effect of voltage threshokJ 
control for a particular electrode oonfiguratkxi is shown 
in Figure 10. The heavy fines 200, 202 indicate the mod- 
ified powei/toad impedance characteristics. For desic- 

so cation, shown by line 200. the switched nrxxie power 
supply is set to produce a peak (notched) open loop 
output power of between 75 watts and 110 watts, with 
the actual peak power in this case being about 90 watts. 
For cutting and vaporisatnn (shown by line 202), the 

^ peakpowBrcanbebetweenl20 watts and 175 watts. 
In this case it is about 150 watts. As examples, the volt- 
age thresholds are set at 1 80 votts peak for desiccatkm 
and 300 volts peak for cuttirtg. as illustrated by the hy- 
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pertxtltc constant vottage lines 204 and 208 respective- 
ly. The power/impedance cun/es folEow the respective 
constant voltage threshold Iras to the right of their in- 
tersection with the unmodifiod open loop cun^ es 208 and 
210. Thus. It will be understood that the des»cation 
threshold Rne represents the maximum vottage that can 
be achieved m the desiccation mode before arcing is 
produced* whilst the cut threshold line limits the cutting 
or tissue vaporisation perfomiance to achieve the de- 
sired tissue effect and, in the extreme, to avoid electrode 
bum-out. The desiccation threshold line also represents 
a voltage insufficient to achieve arcing for cutting or va- 
porising tissue. 

A significant feature of the generator characteristic 
for electrosurgical cutting or tissue vaporisation is that 
at peak power (matched impedance) the load imped- 
ance ties between the impedances corresporKlkig to the 
threshold voltages at that power level In contrast, in the 
desiccation mode, the power/load impectence charac- 
teristic has a power peak at an impedance lying bebw 
the destccatton threshold fine at thai power level 

In practice, the output power in the desiccation 
mode will be higher than in the cutting or tissue vapori- 
sation mode. The reason for this statement (despite the 
apparent contradiction with the toad curves in Figure 1 0) 
is that the equilibrium points descrft>ed above lie at dif- 
ferent points on the respective cunm. To ensure cut- 
ting, the high peak power of the higher cun/e is required 
to reach the cut threshoki line (correspc^ding to 300 
volts peak). The cutting mode then follows the cutting 
or vaporisation threshold line. The cutting operating, 
point Is defined by the toad impedance created when a 
suitable level of arcing is occurrir>g. Typically, the k)ad. 
impedance in these circumstances is greater tfian 1000 
ohms. Thus, although a full 1 50 watt peak power is avail- 
able to ensure that vapour pockets are formed to pro- 
mote arcing for cutt^g, the actual power drawn during 
cutting or tissue vaporisatkm for this particular electrode 
example may be between 30 watts and 40 watts. This 
s'ituatk)n Is more easily understood U refererm is also 
made to Figure 3. 

In the desiccation mode, the operatbg point is de- 
termined by the positive power cos^cient of impedance 
arisBig from steam generation: Consequently, the equi- 
Ibrium naturally occurs in the region of the peak of the 
desiocatbn mode poweiytoad mnpodance curve. 

BlerKted modes can be used by constantly alternat- 
ing between desiccation and cut states or by altering the 
position of the threshokis. 



Clafmo 

1 . An electrosurgical generator for supplying radto fre- 
quency power to an electrical ffistrument. the gen- 
erator comprising a radio frequerKy output stage 
havmg at least a pair of electrosurgk^l output con- 
nections for the deUvery o3 radb frequency power 



to the instrument, a power supply coupled to the 
output stage for supplying power to the output 
stage, and control circuitry including sensing means 
for deriving a sensing signal representative of the 

s TBd\o frequef>cy peak output vottage developed 
across the output connections, wherein the output 
stage comprises a resonant output circuit coupled 
to the output connectbns and a switching device 
coupled to the resonant output c^lt. arxf wherein 

10 the control circuitry is operable to actuate the 
switching device to reduce the delivered radk) fre- 
quency power. 

2. A generator accordvig to claim 1, wherein the 
IS swttching device is connected between the reso- 
nant output circuit and one of a pair of supply rails 
of the power supply means, and connected so as 
to switch current repeatedly through the resonant 
output circuit at its resonant frequency, and wherein 

20 the control circuitry is so arrariged and coupled to 
the switching device as to reduce the °on" time of 
the switching devrce during indivkJual radio fre- 
quency switching cycles suffk:iently rapkf ly tocause 
a 50% reductk)n in delivered output power within 

2S 1 oo^s of the predetermined threshokt having been 
reached. 

3. A generator accordirK| to claim 1 or claim 2, wherein 
the switching device is a power osciUator device 

30 coupled to an oscillator feedback kx)p. 

4. A generator according to any of claims 1 to 3, 
. wheren the control circuitry is arranged to reduce 

the delivered radk>f requertcy power by at least 50% 
3S in less than 1 0Ops in response to the output voltage 
reaching a predetennined threshoM. 

5. An electrosurgk^l generator tor supplying power to 
an electrosurgical Instrument, the generator oom- 

40 prising a radb frequency output stage including a 
radto frequency power device and having at least a 
pair of et8CtR>surgk:al output connectbns for defiv- 
ery di radk> frequerury power to the instrument, a 
power supply coupled to the output stage, and con- 
4S trol circuitry inckidtng sensing means for deriving a 
sensing signal representative cS the k)ad imped- 
ance across the output connections, the control cir- 
cuftry having a first output coupled to the power de- 
vice to reduce the radio frequency duty cycle there- 
to and a second output coupled to the power supply 
to effect a reductbn in the average power su^ 
voltage suppfied to the output stage, the said reduc- 
tions occurring In response to the sensing signal 
reaching a predetermirted Ihreshoki value. 

55 

6. A generator according to cfaim 5, wherein the con- 
trol circuitry has means trtcluding a ramp generator 
operable to cause a first control signal applied v» 
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me first output to the power device nitiany to reduce 
the said duty cycle to cause at least a 50% redttttion 
in the power delivered via the output connectk)as 
and then progressively to increase the duty cyde at 
a less rapid rate unti the sensing signal once again 
reaches the threshold value, and to cause a second 
control signal applied to the power supply via the 
second output to reduce the average power supply 
voltage for at least a minimum predetermined time 
intend the duration ol which is several times great- 
er than the duration of a single power device duty 
cycle reduction and progressive increase se- 
quence. 

7. An electrosurgical system includbg a generator for 
generating radio frequency power and an electro- 
surgical instrument having at least one electrode for 
use immersed in a conductive liquid, wherein the 
generator comprises an output stage Including a ra- 
dio frequency power device and at least a pair of 
output connectioris arranged to receive radio fre- 
quency power from the power device, one of the 
pair of connectksns t>eing connected to the said 
electrode, and wherein the generator further com- 
prises a control stage operable to reduce the con- 
duction time of the power device during Mividual 
radio frequency cycles in response to a sensing sig- 
nal representative of the peak output voltage across 
the output connections exceedrig a predetermined 
sensing signal threshold value, whereby the radio 
frequency power delivered to the electrode struc- 
ture is rapidly reduced when the conductive Bquid 
is vaporised. 



cuil coupled between the power device and the out- 
put connections, and having a resonant frequency 
conespond^ to the frequency of operation of the 
generator. 

5 

11. An electrosurgical system operable in at least a tis- 
sue desiccation mode and a tissue cutting or vapor- 
isation mode coiT^rising a generator for generating 
radio frequency power and an electrosurgical in- 
to strument coupled to the generator, the instrument 

havrig an electrode structure for operation im- 
mersed in a conductive liquid, wherein the genera- 
tor includes a mode selection control and has power 
control circuitry for automatically adjusting the radio 

IS frequency power suppled to the electrode structure 
to \mx the peak generator output vc^ge to a first 
value when the deskx^tion mode is selected and 
to at least one second value when the cutting or va- 
porisation mode is selected, the second value or 

20 values being higher than the first value. 

12. A system axording to claim 11, wherein the first 
and second values are in the ranges of from 150V 
to 200V and from 250V to 600V respectively, the 

ss ' voltages being peak voltages. 

13. A method of operating an electrosurgcal system 
having at least a tissue desk^cation mode and a tis- 
sue cutting or vaportsatkx) mode, the system hav- 

30 ing a radb frequency power generator coupled to 
an electrode assembly having an electrode for op- 
eration k\ a conductive Ik^ukl. wherein the method 
comprises: 



8. A system according to claim 7, wherein the elec- 3S 
trode stnicture bicludes a prpfecting treatment elec- 
trode and a VqM contact electrode spaced from the 
treatment electrode, both electrodes bebg for use 
surrour>ded by the conductive lk)ukl and each being 
connected to a rospectivo one of the pair of output 40 
connectk)ns. the control stage being operable to re- 
duce the conductkxi tkne of the power devk^e w^n 
the conductive Oqukl at the treatment eiectiode is 
vaporised thereby to cause the collapse d vapour 
bubbles at the treatment electrode and a decrease 45 
in the electrical k)ad impedance. 

9. A system according to claon 8. whereh the electro- 
surgical instrument has an electrode structure hav- 
ing juxtaposed first and second electrodes for im- so 
meisfcyi in a conductive lk)Ukl. the first and second 
electrodes respectively forming a tissue contact 
electrode at an exbBme distal ond of the irtstrument 
and a return electrode proxknatty spaced from the 
tissue contact electrode. ss 

10. A system accordkig to clakn 8 or claim 9. wherein 
the generator output stage includes a resonant dr- 



selecting one of the sakl modes: 
when the deskx:atk>n n>ode is selected, auto- 
matcally adjusting the radk> frequency power 
supplied to the electrode assembly to maintain 
the conductive Rquk) adjacent the electrode at 
its boiling point for tissue desccatk)n without 
creating a vapour pocket surrounding the elec- 
trode; and 

when the cutting or vaporisatkm mode is select- 
ed, autom^icaOy adjustng the radk> frequency 
power supplied to the electrode to maintain a 
vapour pocket surrounding the electrode. 

1 4. A rrtethod accorcfing toclakn 1 3. wherein . in the cut- 
ting or vaporisatton mode, the radk>frequer)cy pow- 
er supplied to the electrode is automatk:atly fimited 
to prevervt overtiealing of the electrode. 

15. A method accon^g to clakn 14. wheren the radk> 
frequency power supplied to the electrode is auto- 
matcally ac^usted by Bmiting the output voltage ap- 
pfied to the electrode to predetermkied first and sec- 
ond voltage values, the first.voitage value bektg 
used in the desccatnn mode, and the second volt- 
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age value, which is higher than the first voltage val- 
ue, being used in the cutting or vaponsatbn mode. 

16. A method according to claim 15. wherein the first 
and second voKage values are in the ranges of from 
1 50V to 200V and from 250V to 600V respectively, 
the voltages being peak voltages. 

17. A method of operating an electrosurgical system 
which has a generator coupled to an electrode as- 
sembly having an electrode for operation in a con- 
ductive liquid, wherein the nwthod comprises ap- 
plying radio frequency power to the electrode, mon- 
itoring an electrical signal related to the toad imped- 
ance presented to the generator, and reducing the 
applied power when the said signal reaches a pre- 
determined threshold value associated with an in- 
creased load impedance, whereby only sufficient 
radio frequency power is app&ed to the electrode to 
maintain the liquid adjacent the electrode at its boil- 
ing point for tissue desiccation without creating a 
vapour pocket surrounding the electrode. 



generator comprising a radio frequerKy output 
stage havtr>g at least a pair electrosurgical output 
connections for the delivery of radio frequency pow- 
er to the instrument, means coupled to the output 

s stage for supplying power to the output stage, and 
control circuitry includir>g sensing means for deriv- 
k\g a ser^tr^g si^ial representative of the r^fio fre- 
quency output voltage developed across the output 
connections and means responsive to the sensing 

10 signal for causing a reductkm in delivered output 
power independently of supply voltage or in addltk)n 
to supply voltage reduction when tiie sensing signal 
is indicative of a predetermined threshokl having 
been reached. 

15 

24. A generator according to claim 23. wherein the 
means for causing a reductk>n in delivered output 
power is operable to cause at least a 50% reduction 
in delivered output power when the sensing signal 
^ is indicative of the said threshoU having been 
reached, the sakl reductton being effected within a 
period of 20|i8 or less. 



1 6. A method according to claim 1 7. wherew the mon- 
itored electrical signal is the peak output voltage ap- 
plied to the electrode. 

1 9. A method according to claim 1 7 or claim 1 8i wherein 
the applied power is reduced by at least 50% within 
1 0Ops of the peak output voltage exceeding the pre- 
determined threshoki. 

20. A method accordng to arvy of claims 17 to 19. 
wherein the applied power is reduced by reducing 
the conduction perk)d of a ratRo frequertcy output 
power device of the generator during indivklual ra- 
dio frequency cycles. 

21. A method according to claim 20, furttier including 
reducing the supply voltage supplied to the output 
power device simuttaneously with the said reduc- 
tton tn the conduction period, and then progressive- 
ly increasing the oonductkm perM at a rate which 
is less than tt)e rate at which the cor^duction period 
is reduced. 

22. A method according to claim 20. wherein the gen- 
erator has a switched mode power supply and the 
supply voltage reduction is achieved by disabtcng 
the output of a supply current s^;;fltching device of 
the power supply for a whole numt>er n of the power 
supply switcheng cyck>s. where n is greater than or 
equal to 1 . untB the said montored etectrical signal 
no longer reaches the predetermined threshoM val- 
ue. 

23. An electrosurgical generator for supplymg radio fre- 
quericy power to an eiectrosurgccal instrurneht, the 



25. A generator accordkig to claim 24, wheretr) the re- 
^ sponse time of the control circuitry and the means 
coupled to the output stage to the radio frequency 
output voltage reaching the predetermined thresh- 
oki is lOO.ps or less. 

^ 26. A generator according to any of claims 23 to 25. 
wherein the means for causing a reduction in output 
power include a first control Fine coupled to the rad to 
frequency output stage for feeding a first power re- 
duction control signal to the saki stage. 

35 

27. A generator accordbg to claim 25 and claim 26, 
wherein the output stage includes at least one radto 
frequency power device ar)d wherein the control cir- 
cuitry is arranged such that ttie at least 50% reduc- 
^ tion in output power is effected by reducing the pe- 
riod of conduction of the devk:e during irtdhndual cy- 
cles of radto frequency oedBation independently of 
the supply voltage to. the. device. 

^ 2B. A generator according to claim 26 or claim 27. 
wherein the means for causing a reduction in output 
power further include a second control line coupled 
to the power supply mearts. the control circuitry k>e- 
ir>g arranged such that a second power reduction 

so signal ie fed to the power supply means to eflect a 
reductton in the average power supply voltage sup- 
pfied to the output stage. 

29. A generator accordbig to claim 27. wtterein the 
55 means for causing a reductton in output power f ur- 
tJtm tnclude a second control line coupled to the 
power supply means, the control circuitry being ar- 
ranged such thm a second power reduction signal 



15 



29 



EP0754 437A2 



30 



is fed to the power supply means to effect a reduc- 
tion In the average power supply voltage si^ied 
to the output stage, aiKf wherem the power supply 
means comprises a switched mode power supply 
circuit with output smoothkig components^ and s 
wherein the supply circuit Is arranged such that the 
second power reduction control signal has the effect 
of dtsabiing the supply circuit. 

30. A generator according to claim 27. wherein the con- io 
trot circuitry is operable repeatedly to effect a rapid 
reduction in the cycle by cycle conduction period of 
the power device from a peak level to a trough level 
followed by a less rapid progressive increase m the 
conduction period until the conduction period again is 
reaches its peak level, the rafski reductbn and pro- 
gressive increase sequence being repeated until 
the said peak conductkxi perkxi level can be 
reached without the output voltage exceeding the 
saki predetermined threshokl 20 

31. Ageneratoraccordingtoclaim30.whereinthecon- 
trol c^cuitry and the power supply means are ar- 
ranged such that the power supply circuit is enabled 
when the said peak conduction period has been 
maintarned for a predetermined tinr>e. 

32. A generator accordingtoclaim 31. wherein the con* 
trol circuitry and the power supply means are ar- 
ranged such that the power supply circuit is disa- 3o 
bled until the end of a switched mode switching cy- 
cle in whch the output voltage has not reached the 
sakJ predetemruned threshoM for the whole of the 
switching cycle. 

3S 

33. A generator according to any of claims 23 to 32, 
wherein the output stage has at least one radk) fre- 
quency power switching device and frequency se- 
lective components which in combinatkxi with the 
switching device are operable to pfoduoe an output ^ 
voltage wavefomi hav^ a crest factor less than or 
equal to 1.7. 



mode of the generator the outp ut voltage is Bmfted 
to a higher, second sakl predetermined voltage 
threshold. 

37. A generator accorcfing to claim 36. wherein the out- 
put stage has a power/load snpedance character- 
istic which, tor a constant average supply voltage, 
has a peak lying on the low imped»)ce skle ol a Bne 
representative of the second predetemiined volt- 
age threshold 

38. A generator according to claim 37. wherein, in the 
cut or tissue vaporisatk)n mode, the said generator 
power/load impedance characteristic lies between 
the Vne representative of a the second predeter- 
nruned voltage threshokl and a line representative 
of the first predetermined voltage threshold, and 
wherein in the ooagulatk)n mode the saki charac- 
teristic has a peak wfMch lies on the kiw iotpedance 
skJe of the line representative of the saM first volt- 
age threshokl. 

39. A generator according to any of claims 23 to 38. 
wherein the sensing means are coupled between 
the sakl output connectksns. 

40. A generator according to claim 39. wherein the 
serising means include a transformer having a pri- 
mary winding coupled across one element of a po- 
tential divkfor connected across the said output 
connecUons. 

41. A generator according to ahy of claims 23 to 40. 
having an output stage operable contriuousty \n 
open toop configuratkxi. and having an output im- 
pedance in the range of from 50 ohms to 250 ohms. 
aixJ preferably between 130 and 190 ohms. 



34. A generator according to any of claims 23 to 33. 
wherein the sensing signal is representative of a 4S 
peak output voltage. 



35.. A geneiator according to any of claims 23 to 34, 
wherein, at les^ in a deskxatbn mode of the gen- 
erator, the said predetermined threshokl ts In the so 
range of 150V to 200V peak and is set independ- 
ently otf the supply vollage. 



36. A generator according to any of claims 23 to 35, 
wherein the control cBCuftiy is arranged such that ss 
in a ooegulatksn mode of the generator the output 
vol^ge Is limited to a first sakI predetermined volt- 
age thresfioU, and in a cut or tissue vaportsatkm 
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(54) An electfiosurgical generator and system 

(57) An electrosurgical system includwg an elec- 
trode assenrH>ly havrig two electrodes for use immersed 
in an electrically conductive fluid has a generator with 
control cffcuitry for rapidly reducing the delivered radio 
frequency output power by at least 50% within approx- 
imately 10(^» corresponiftig to the tkne needed for a 
few cycles of the peak radio frequency ou^ut voltage to 
reach a pre determined threshold IvriH, In this way, tis- 
sue coagulation can be performed in, for example, sa- 
line without significant steam gerraration. 

The same peak voltage limitation technque is used 



in a tissue vaporization or cutting nruxle to Imnit the size 
of the steam pocket at the electrodes and to avoid elec- 
trode t>uming. 

The output power reduction is abtained by *on time 
contiol* (70) by producing a signal synchronous with the 
RF oscillator, theretiy reducing progresservely the 
duction 8tate"of the gate (80) whk:h connects the power 
supply with the oscitiator. Switch mode power supply 
(66) can itself vaiy its output voltage as a f unctkxi ol 
signal. (66) from the controller (72), the speed of varia- 
tion however win be much stower than the one produced 
by "ON* time control mechanisra 
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LACK OF UNITY OF INVENTION 



The Search Division considers that the present European patent appOcalion does not 
comply with the requirement of unity of Invention and relates to several inventions, 
namely: 

1. Claims 1-4: 

Generator sensing peak output voltage, with switching device to reduce power 

2. Claims 5^.17-22: 

Generator sens^g impedance arkl reducing duty cyde 

3. Claims 7-10: 

Generator sensing peak ou^xit voltage to reduce conduction time 

4. Claims 11-12,13-16: 

Generator having two levels of output peak or output voltage as a function of 
two operationalmodes 

5. Claims 23-41: 

Generator having reductk>n of power independently or in addition to supply 
voltage reductton 
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